Background: Recurrent spontaneous abortion (RSA) is defined as the occurrence of three or more consecutive spontaneous abortion prior to 20 weeks from the last menstrual period. It affects approximately 1% to 2% of women, and about 40% -80% of RSA are still remained unexplained. In recent years, a lot of studies suggest that RSA is caused by the immune factors. T helper 1(Th1)-type immunity is associated with unsuccessful pregnancy especially in women with RSA, while Th2-type immunity is associated with pregnancy success. Interleukin (IL)-2 may influence Th1/Th2 immune responsiveness and has been implicated association with RSA. Aim: The aim of this study was to investigate the association of the interleukin 2 (IL-2) promoter polymorphisms at the site −330 A/C (rs2069762) with RSA. Methods: The study group comprised 189 women with RSA, and the control group consisted of 187 healthy pregnant women. Gene polymorphisms were detected by the technique of polymerase chain reaction restriction fragment length polymorphism. Results: The frequency of genotype −330C/C was significant higher (χ 2 = 7.266, p = 0.007, OR = 0.362, 95% CI = 0.169 -0.777) in the control group than in the patient group. And the frequency of the -330A allele was significant higher (χ 2 = 11.862, p = 0.001, OR = 1.741, 95% CI = 1.268 -2.389) in the patient group than in the control group. Conclusions: This study indicated that the IL-2-330A allele may be considered as a risk factor for RSA. C→A mutation is may associated with RSA in Ningxia Han people.
INTRODUCTION
Recurrent spontaneous abortion (RSA) is a common disease during early gestation. RSA is defined as the occurrence of three or more consecutive spontaneous abortion prior to 20 weeks from the last menstrual period. It is one of the most common complications of pregnancy and affects approximately 1% to 2% of women [1, 2] . The etiology is complex: chromosomal abnormalities, anatomical abnormalities of factors, endocrine abnormalities, immune factors, blood group incompatibility, smoking and alcohol consumption, infection and even spiritual factors can lead to the occurrence of repeated spontaneous abortion [3] . About 40% -60% of RSA are still remain unexplained. In recent years, a lot of studies suggest that RSA is caused by the immune factors, immune factors in cytokine gene polymorphisms are currently the focus of attention.
Inflammatory cytokines play a critical role in the pathogenesis of unexplained RSA. T helper 1 (Th1)-type immunity is associated with unsuccessful pregnancy especially in women with RSA, while Th2-type immunity is associated with pregnancy success [2] [3] [4] . T cells responses is characterized by the presence of their relative cytokines; (IL-2, IL-12, TNF and IFN-γ) for Th1 cells, whereas a Th2 response is characterized by IL-4, IL-5, IL-6 and IL-10 [5] [6] [7] . The imbalance between Th1 and Th2 may be greatly related to the outcome of RSA [8, 9] . The Th1 cytokine production may be up regulated in women with RSA [10] . And it has been demonstrated that Th1 cytokines are produced at higher concentrations by the women with a history of RSA than by women with a history of normal pregnancy in the first trimester [5] and at delivery [11] . Not only Increased T helper 1 cytokine responses by circulating T cells would cause RSA, but also cause infertile women with multiple implantation failures after in-vitro fertilization (IVF) [12] . Makhseed M., et al., conclude that abortion-prone women who proceed to have successful pregnancy are more Th2-biased than abortion-prone women who abort, and that recurrent aborters who undergo spontaneous abortion have a stronger Th1 bias than aborters who have normal pregnancy [13] .
IL-2 is a very important Inflammatory cytokine, Abnormalities of IL-2 production have been found in patients undergoing transplant rejection [14] . A lot of studies have been shown that the higher levels of circulating IL-2 were related to RSA [15] [16] [17] [18] . However, contradictory results have also been published [19] .
IL-2 production is under genetic control in humans. It has been shown that different genotype at the site −330A/C (rs2069762) in the promoter region of the IL-2 gene is associated with the production of IL-2 [20] . Therefore, we determined whether this polymorphism is associated with RSA.
MATERIAL AND METHODS

Subjects
The control group included 187 Ningxia women (mean age 27.44 ± 3.87) who have previously had at least two normal pregnancies with no history of abortion, ectopic pregnancy, pre-term delivery or stillbirth. The patient group comprised 189 Ningxia women (mean age 26.84 ± 3.51) with a history of at least three consecutive spontaneous abortions. All subjects were fully investigated for possible anatomical, endocrinological, infectious, genetic, autoimmune disease and humoral immune disease that cause of abortion. None of all the subjects with any medication would affect the immune system. No obvious cause for RSA was found in our patient group, thus, the abortions were classified as "unexplained". All subjects were come from the General Hospital of Ningxia Medical University and have diagnosed by professional doctor of obstetrics and gynecology department. There were no significant differences in age between cases and controls (Student's t-test; p = 0.76). This study was conducted with all the subjects' informed consent and approved by the institutional ethical boards for Genetic studies at Ningxia Medical University.
Determination of the −330 IL-2 Polymorphism
Total genomic DNA from peripheral blood leukocytes was extracted by use the blood DNA isolation kit of Tian Gen company. Sequence amplification was performed by using polymerase chain reaction (PCR). The primers were designed by using Primer 5. 
STATISTICAL ANALYSIS
For statistical analysis, Chi-aquare test was used to compare the allele and genotype frequencies. Means and standard deviations (SD) are presented for describing variables with continuous distribution. The odds ratio (OR) was used to estimate the ratio of the risk of RSA among patient group with various allele or genotype to the risk among control group. The 95% confidence interval (CI) for OR was calculated using confields' method. All testing for statistical significance was performed at p < 0.05.
RESULTS
Results of polymorphism analysis between patient and control group are given in Table 1 . There was a statistically significant association between patient and control group (χ 2 = 11.851, p < 0.01). The date suggested that this polymorphism was associated with RSA. Occurred with the allele A of the risk of recurrent miscarriage was significantly increased (χ 2 = 11.862, p < 0.01, OR = 1.741, 95% CI: 1.268 -2.389).
DISCUSSION
Our findings demonstrate that women in the RSA group have a significantly greater frequency of Genotype AA than women in the control group.
Study has been shown that pregnancy is associated with a down-regulation of Th1-type activity and enhancement of Th2-type activity [8] . Women with normal pregnancy have a higher Th2-type basis, whereas women with a history of RSA have a basis towards Th1-type reactivity [15] . IL-2 is a very important inflammatory cy- tokine which produced by Th1 cells. It can induce T cells proliferation and differentiation, promote the regulatory T cells in playing immunosuppression function [13] . In addition, the role of IL-2 also includes enhancing the role of cytotoxic T cells induced by IL-2 receptor expression, promoting cell migration, enhancing the contact between the cells and inducing cytokine secretion. Studies have shown that IL-2 levels of abnormal not only associated with certain T cell mediated autoimmune diseases [21] , but also with some of the endocrine system diseases [22] and tumor [23] . During pregnancy, IL-2 activate T cells to promote secretion of HLA-Class II molecules and a variety of cytokines, and also activate natural killer (NK) cells, which can enhance the secretion of inflammatory factors, make the embryo being rejected [18] .
OPEN ACCESS
In animal models it has been shown that IL-2 was significantly increased in the CBA/JDBA/2J pregnant mice which have the tendency of abortion. After intraperitoneal injection of IL-2, the abortion rate increased from 25% -30% to 68% -79%. Give normal CBA/JDBA/2J mice injected with IL-2, the abortion rate was increased significantly [24] . Another study has showed that the levels of IL-2 mRNA were significantly higher in the patient group than in the control group [18] . Abbas Rezaei's study shows that the levels of IL-2 were significantly higher in the patient group than in the control group [15] .
However, contradictory results have also been published. Domestic and foreign research results are inconsistent, some studies have shown comparative the normal population, women with recurrent spontaneous abortion have lower IL-2 levels in vivo [19, 25] . IL-2 not only in the clones of T cells play a key role also involved in the activation of natural killer cells and increased B cell growth and immunoglobulin production [26]. Mallmann P et al. assumed that Low IL-2 serum levels in women with recurrent miscarriage probably may be associated with a lack of T-and B-cell growth promoting effects which in its turn lead to insufficient induction of a pregnancy protecting maternal immune response. The possible cause of low IL-2 serum levels could be reduced maternal immunization against paternal antigens [19] .
To our knowledge, IL-2 polymorphisms have not been previously characterized in RSA. We became interested in IL-2 as an important inflammatory cytokine at the feto-placental interface. IL-2-330A/C polymorphism is associated with the production of IL-2. It has been shown that the allele C at the site −330 in the promoter region of the IL-2 gene is associated with high and the allele A with low production [20] . We found there was more AA genotype in the patient group than in the control group, and the difference was significant (χ 2 = 8.344, p < 0.004). The samples we sued in this study may be limited by the number of samples, race, geographical differences and others factors, thus, the need for more samples, different regions and ethnic extensive and in-depth collaborative research.
The dates described in this paper suggest that IL-2 −330A/C polymorphism is associated with RSA. Yet, further more studies need to be done.
